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We present a magneto-optical trap (MOT) design based on millimeter ball lenses, contained within
a metal cube of 0.75′′ side length. We present evidence of trapping approximately 4.2× 105 of 85Rb
atoms with a number density of 3.2×109 atoms/cm3 and a loading time of 1.3 s. Measurement and
a kinetic laser-cooling model are used to characterize the atom trap design. The design provides
several advantages over other types of MOTs: the laser power requirement is low, the small lens
and cube sizes allow for miniaturization of MOT applications, and the lack of large-diameter optical
beam pathways prevents external blackbody radiation from entering the trapping region.
I. INTRODUCTION
The invention of the magneto-optical trap (MOT) [1, 2]
ushered in a new wave of physics research, as it al-
lowed researchers to cool atoms to previously unattain-
able temperatures. Since then multiple groups have cre-
ated new MOT designs that use the same tangible prin-
ciples but feature different optical configurations, often
for the sake of miniaturization, portability, and/or ease
of setup. These include grating MOTs [3, 4], pyrami-
dal MOTs [5–8], and MOTs with five beams [9], in ad-
dition to variations upon the original six-beam config-
uration. While the classic six-beam MOT design suf-
fices for most cold-atom experiments, numerous precision
measurement and atomic-clock experiments require cold-
atom systems that are shielded from external perturba-
tions [10] such as blackbody radiation. Multiple papers
have addressed ways to eliminate blackbody radiation in
precision measurements and atomic clocks [11–13]. The
six-beam MOT is particularly vulnerable to blackbody
radiation because the beams have large cross-sections and
the necessary optical apertures subtend a large solid an-
gle with respect to the trap center. This results in uncer-
tainties of the blackbody radiation shift [14]. Precision
measurements and atomic clocks may also be sensitive
to external DC electric fields [15], requiring field-zeroing
with electrodes or Faraday shielding. MOT designs with
built-in Faraday shielding, including the one described
in the present work, provide immediate reduction of the
Stark shift. Further applications of such MOTs are found
in research that requires well-defined electrode configura-
tions with minimally perturbed symmetry, such as cold-
atom-loaded Penning [16, 17] and Paul traps [18].
Here we describe a new MOT design that uses
millimeter-sized ball lenses that are held in place in a
metal frame of less than 2 cm in diameter, contained
inside a vacuum chamber. Ball lenses have well-known
optical properties [19, 20] and are typically used for opti-
cal tweezers [21, 22], but they are not traditionally used
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in MOTs. In our design, six independent, narrow, colli-
mated cooling beams (w0 ∼ 0.6 mm) pass through the
ball lenses, which spread the light into divergent cones
reminiscent of light-house beams. A MOT forms at the
intersection of the six conical beams. In our paper, we
present an experimental realization of a ball lens MOT,
along with a computational analysis of trapping perfor-
mance. The ball-lens MOT design has some specific
advantages over the standard six-beam MOT. Because
the trap center is enclosed inside of a small metal box,
the trapped atoms are Faraday-shielded from stray elec-
tric fields. This feature also minimizes perturbations of
the blackbody radiation field caused by fields entering
through the apertures. Each lens subtends a solid angle
of the MOT’s surroundings that is on the order of only
a few 4pi × 10−3 steradians. Additionally, the highly di-
vergent nature of the light cones behind the ball lenses
makes this MOT operate best at low laser powers. These
properties promise great potential for future quantum
technology applications [23]. In our work we also de-
scribe how specific challenges associated with the beam
alignment and geometric peculiarities can be addressed.
We further discuss how this style of MOT can be imple-
mented in future experiments.
II. IMPLEMENTATION
In our experimental setup, six 1.5-mm-diameter N-
BK7 ball lenses are held in place with a custom-made
part called the ball lens optical box (BLOB). Figure 1a
shows a computer rendering of the BLOB, and Fig. 1b
a picture of the physical part. The BLOB is a hollow
cube with inner side length of 5/8′′ that is manufactured
from six 1/16′′ thick steel plates. Each ball lens is im-
planted in a counterbore at the center of one of the cube
faces, where it is held in place by a metal flap spring.
The flaps have 1.3-mm-diameter holes over the lenses to
let light through. The divergent light fields behind the
lenses have an approximately Gaussian profile in the di-
rections transverse to the beam axes. The counterbores
have inner and outer diameters of 1.3 mm and 2 mm,
respectively. The flap springs push the lenses from the
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2outside of the BLOB against 0.5-mm-deep ledges on the
inside of the cube faces, resulting in a simple, secure,
and vibration-resistant lens mount. The BLOB cube is
welded onto a piece of steel square tubing that is attached
to the inside of the vacuum chamber used for MOT test-
ing. The BLOB has eight extra 4-mm-diameter holes on
its edges and faces for optical access. While these ex-
tra holes are non-essential for MOT operation, they are
useful for MOT analysis and other applications involving
additional laser beams.
Unlike in standard 6-beam MOTs, in ball-lens MOTs
it is not practical to re-cycle the laser beams by retro-
reflection because of aberrations caused by the lenses. In-
stead, six independent collimated cooling beams (beam
waists w0 ∼ 0.6 mm) are directed onto the ball-lenses
from the outside of the BLOB. Inside the BLOB, the
beams focus into spots at a back focal distance of ≈
350 µm and emerge as conical beams with a numerical
aperture NA ≈ 0.3, corresponding to an opening angle
of the light cones of ∼ 35 ◦ (full width at half maximum
(FWHM) of the intensity). A sketch of the fields inside
the BLOB is shown in Fig. 1c.
The BLOB is tightly mounted between two large-
diameter, re-entrant vacuum windows. The two MOT
coils are placed close to the outsides of the re-entrant
windows, so that the separation between the innermost
windings of the coil pair is only ∼ 1.5′′. The MOT coils
run at a current of ∼ 6 A and are air-convection-cooled.
The experiment is equipped with bias field coils to adjust
the zero position of the MOT quadrupole field.
The ball lens MOT is tested with 85Rb. The cool-
ing laser is locked to a hyperfine component of the
5S1/2 → 5P3/2 transition using saturation spectroscopy
in a Rb vapor cell [24]. The cooling beam passes through
an acousto-optic modular (AOM) for switching and for
frequency-tuning close to the F = 3 → F ′ = 4 hy-
perfine cycling transition. A repumper laser drives the
F = 2 → F ′ = 3 hyperfine transition. The power of
each cooling beam before entering the vacuum chamber is
. 5 mW. Ray tracing analysis of the ball lenses with Ze-
max shows a waist of the cooling beam at the MOT center
of 4 mm, which sets the upper limit of the peak intensity
of the individual beams at the MOT center to ∼ 12 Isat
(the saturation intensity Isat = 1.6 mW/cm
2 for the cy-
cling transition [25]). The true intensity is slightly less
due to reflection and other losses.
The setup has a probe laser used for shadow imaging.
This laser is on-resonance with the F = 3 → F ′ = 4
hyperfine transition and also passes through an AOM
for frequency tuning and switching. The MOT probe
beam has a FWHM of 2.5 mm and a center intensity to
0.23 mW/cm2. The beam is directed through the vacuum
chamber, passed through the center of the BLOB, and
aligned into a CCD camera (Pixelfly Model 270 XS). The
camera is used to record shadow images, with the probe
beam on and MOT beams off, as well as fluorescence
images, with the probe beam off and MOT beams on.
(a)
(b)
(c)
FIG. 1. (a) Computer rendering of ball lens MOT setup,
including the cooling beams. The ball lenses are located at the
centers of the cube faces. The larger holes are for additional
optical access. (b) Picture of the actual ball lens optical box
(BLOB). (c) Cross-sectional sketch of fields in ball lens MOT.
Two of the ball lenses are not included in this drawing.
III. MOT ANALYSIS
The main quantities of interest in our experimental
characterization of the MOT are atom number, atom
density, and loading time. The atom number and den-
sity are dependent on the design of the MOT and laser
parameters, while the loading time is mostly dependent
on background pressure and is similar to other MOTs.
3The atom number, the most important metric in our
comparison with theory in Sec. IV, and the number den-
sity of the MOT are measured using shadow imaging. In
this configuration, the MOT cooling beams are briefly
turned off, and a probe beam pulse is sent through the
MOT and into the Pixelfly camera. The MOT and probe
beams are switched with the AOMs. Figure 2a shows an
area-density shadow image for a MOT single-beam in-
tensity of I ≈ 3.5 mW/cm2, and Fig. 2b shows the corre-
sponding timing details. With the probe beam carefully
tuned on-resonance with the MOT transition, we find the
atom number in our MOT to be NMOT,Exp = 4.2× 105.
The value for NMOT,Exp is found by evaluating
NMOT,Exp =
∫
1
σ
ln
(
I0(x, y)− IB(x, y)
I(x, y)− IB(x, y)
)
dxdy (1)
over the MOT object plane, where I(x, y) is the shadow
image with MOT atoms present, IB(x, y) is a back-
ground image with the probe beam off but all other
light sources left on, and I0(x, y) is an image with the
probe beam on but without MOT atoms. Since the
light is unpolarized and the MOT magnetic field is left
on, we use the isotropic absorption cross section σ =
1.246× 10−9 cm2 [25]. The integral is evaluated as a dis-
crete sum over a two-dimensional array of CCD pixels,
with the pixel area given by the CCD pixel area pro-
jected into the object (MOT) plane. Assuming that the
MOT fills a cubic volume with a side length of 0.5 mm,
the typical linear size of the MOT seen from two differ-
ent observation angles, the atom density in the MOT is
estimated to be 3.2× 109 atoms/cm3.
The loading time, required for the theoretical atom-
number estimate in Sec. IV, is determined with fluores-
cence imaging. In this configuration, the MOT light is
periodically switched on for 4 s to allow the trap to ac-
cumulate atoms, and then off for 1 s to empty the trap.
The camera records images of the atom cloud at 0.25-s
time intervals, ranging from 0 s to 3 s of loading time.
Figure 3a shows a fluorescence image of the atom cloud
after 3 s of loading, along with a timing diagram in
Fig. 3b for the fluorescence imaging procedure. In our
analysis, we plot the background-subtracted fluorescence
profiles from each of the images and apply Gaussian fits
to these profiles. The atom count is then taken to be
proportional to the areas of the fits at the respective
time steps. This method applies to small MOTs, such
as ours, which are free of radiation trapping effects, and
for which the fluorescence yields an approximately linear
measure for atom number. Figure 3c represents relative
atom count vs loading time, along with error bars from
the fits which represent statistical error. Applying an ex-
ponential rise time fit to the data, we calculate a time
constant of 1.3 ± 0.1 s. The residuals between the data
and the fit can be attributed to the effects of intensity
and frequency fluctuations of the cooling laser on the ex-
perimental data. The observed loading time is in-line
with values typically seen in vapor-cell MOTs.
(a)
(b)
FIG. 2. (a) A shadow image of the MOT showing area
density (the integrand in Eq. (1)) vs. position in the MOT
plane. (b) Timing diagram for the shadow imaging. When
the MOT light is turned off, the camera is gated on for 90 µs.
Following a wait time of τ = 20 µs after the MOT light is
turned off, the probe pulse is turned on for a duration of
50 µs.
In our performance evaluation we have also studied
the dependence of atom number on MOT beam intensity.
In Fig. 4d we show atom numbers in relative units, ob-
tained from MOT fluorescence, vs central beam intensity.
The result indicates best performance at an intensity of
∼ 6Isat; at higher intensities the atom number drops
quickly. This behavior contrasts with standard six-beam
MOTs, in which the atom number keeps increasing to
considerably higher intensities before leveling off. Our
model, presented next, reproduces the observed peculiar
intensity dependence of the ball lens MOT.
IV. THEORETICAL MODEL OF BALL LENS
MOT
The objective of our model is to determine the depen-
dence of the number of captured atoms in steady state on
ball-lens MOT parameters. Further, we study how the
atom capture behavior differs from that of a standard
six-beam MOT, and how that translates into differences
in the steady-state trapped-atom number and into guide-
lines for best operating conditions for ball-lens MOTs.
We first outline our kinetic laser-cooling model. We
assume a spherical MOT cell volume of 1.0 cm radius,
which has a volume similar to that of the BLOB used in
the experiment. Thermal atoms are generated at a fixed
rate FSim on the cell wall, at random positions on the
4FIG. 3. (a) Inverted fluorescence image of the MOT taken through one of the 4-mm viewports in the BLOB with length scale
bar. (b) Timing diagram for the loading curve. The loading time τ is stepped in units of 0.25 s, and the camera exposure
time is 10 ms. (c) Atom count (relative scale) vs loading time. Applying an exponential fit to the data yields a time constant
of 1.3 ± 0.1 seconds. (d) Atom count vs central single-beam intensity at the MOT location. The asymmetric horizontal error
bars reflect a potential 15% reduction of beam intensity due to reflection and other losses, while the vertical error bars are the
standard deviations of the data sets for each beam intensity.
cell surface with an inward velocity distribution known
from gas kinetics. The atomic trajectories are propa-
gated with a 4-th order Runge-Kutta routine in which
the atoms are subjected to the net radiation pressure
force from the six MOT beams. The actual position r(t)
of an atom determines position-dependent beam intensi-
ties, beam k-vectors and the local MOT magnetic field.
Due to the conical nature of the light fields, the k-vectors
of a given beam depend on position within the beam and
cover an angular range that depends on the numerical
aperture (NA). Along the optical axis of a beam, the
transverse FWHM increases linearly with distance from
the ball lens, and the intensity drops off as 1/distance2.
Further, the polarization of each beam is locally decom-
posed into three polarization components (linear, left-
handed circular and right-handed circular) relative to the
local direction of the magnetic field. Hence, the six MOT
beams together give rise to 18 radiation-pressure force
components acting on the atom, where each component
has the described dependencies on position. Saturation
of the assumed J = 0 to J = 1 MOT transition (wave-
length 780 nm, saturation intensity 1.6 mW/cm2, upper-
state decay rate 2pi × 6 MHz) is taken into account. To
account for spontaneous emission of the atoms on the
laser-cooling transition, the program implements photon
recoil kicks in random directions, chosen with random
numbers. Further, every atom carries a lifetime clock
that measures time elapsed after entry of the atom into
the simulation. The time elapsed governs the exponential
decay of the atom. Physically, an atom decay is a colli-
sion of a MOT atom with a fast background gas atom.
A collision effectively removes the atom from the simula-
tion. Atom decays are implemented using random num-
bers. The 1/e atom decay time is chosen to be 1.3 s, the
value observed in our experiment.
Other generic MOT parameters for the simulation in
Fig. 4 include a MOT agnetic field gradient of 15 G/cm
along the field axis and a laser detuning of −12 MHz
from the MOT transition, corresponding to a typical Rb
MOT. We vary the distance d of the ball lenses from
the MOT center from 7 mm to 50 mm. To study the
transition between a regular and the ball lens MOT, we
assume that the transverse intensity distributions of the
beams are Gaussians with a fixed, d-independent FWHM
of 6 mm at the MOT center, as measured for the ball
lenses used in the experiment. The FWHM of the beams
are proportional to distance from their respective focal
spots. For large d, the system approaches a regular 6-
beam MOT with near-zero-NA, collimated beams. As d
is reduced, the MOT gradually transitions into a ball-lens
MOT with large-NA beams. The smaller d, the more the
divergence of the MOT-beam light cones affects MOT
performance. Here we restrict ourselves to the case that
all six optical axes pass through the center of the MOT,
and that all lenses have the same distance from the MOT
center.
For each set of parameters we evaluate the trajectories
of 107 to 108 thermal atoms impinging into the MOT
5FIG. 4. (a) Depiction of three atom trajectories. The relative speeds of the atoms are signified by the thickness of the arrows.
Atom 1 is successfully trapped in the MOT. Atom 2 is not trapped because it is moving too slowly, and atom 3 is not trapped
because its collision parameter b0 is too large. (b) The number of trapped atoms vs distance d of the ball lenses from the MOT
center and I/Isat. (c) Root-mean-square (RMS) value of the incident collision parameters b0 of the captured atoms vs d and
I/Isat. (d) RMS value of the incident speed v0 of the captured atoms vs d and I/Isat.
region. Every atom that enters gets tagged with its initial
speed v0 and collision parameter b0 relative to the MOT
center (see Fig. 4a). Most atoms do not become trapped
(red trajectories), while some do (blue trajectory). Any
atom whose speed drops below 1 m/s, within 2 mm from
the MOT center, is considered trapped. We have verified
that the exact values of these trapping criteria are not
important. We log the root-mean-square (RMS) velocity
and RMS radius of the trapped-atom cloud in the MOT,
the trapped-atom number, the average photon scattering
rate of the atoms, and the RMS values of the initial speed
v0 and collision parameter b0 of the atoms that become
trapped.
V. RESULTS OF THEORETICAL MODEL
A. Survey of relative performance
In Fig. 4, we present a survey of ball-lens MOT per-
formance as a function of d and single-beam intensity I.
The simulated loading time is 0.9 s, the half-life for the
collision time constant of 1.3 s measured in the experi-
ment. The impingement flux into the MOT cell, FSim,
is taken to be 50 atoms per µs. (The trapping results
are later scaled up to the actual impingement flux.) Fig-
ure 4a shows a diagram of typical atom trajectories in the
MOT, two of which fail and one is successful in becom-
ing trapped. Figure 4b displays the number of captured
atoms NMOT,Th vs d and I/ISat. From this simulation
it is determined that in the experiment we are operat-
ing the MOT near the lower bound in d at which the
ball lens MOT begins to work. At d . 7 mm the ball
lens MOT does not capture experimentally useful num-
bers of atoms. The usual six-beam MOT with collimated
6beams is near-equivalent with the right margin in Fig. 4b,
where d = 50 mm. The numerical data show that at low
I/ISat our d ≈ 8 mm ball-lens MOT captures between
10% of the number of atoms one would find in a regular
six-beam MOT, while at high intensity the ratio drops
to about 1%. It is also noted that at small d-values the
performance is best at lower intensities and degrades at
high intensities. This accords with the trend measured
in Fig. 3d. For completeness we also report that the tem-
perature of the trapped atoms is, universally for all cases
in Fig. 4, near the Doppler limit (here, 150 µK), and the
diameter of the trapped-atom cloud near 0.25 mm.
In Fig. 4c it is seen that the incident collision parame-
ters b0 of the trapped atoms drops from about 6 mm for
the regular MOT (d = 50 mm) to about 2 mm for the
extreme ball-lens MOT with d = 7 mm, with a minor
variation as a function of intensity. Figure 4d shows that
for the standard MOT (d = 50 mm), the RMS capture
velocity ranges between 10 m/s at low and 15 m/s at
high intensity; this range generally is as expected. Inter-
estingly, for the extreme ball-lens MOT (d = 7 mm) the
RMS capture velocities increase to about 20 m/s at low
and 30 m/s at high intensity. A closer study, not shown,
reveals that the d = 7 mm ball-lens MOT does not cap-
ture significant fractions of the slow incident atoms. At
first glance this appears counter-intuitive, but we offer
an explanation for this in the discussion.
B. Quantitative model for the number of trapped
atoms
Next we perform an order-of-magnitude comparison
between experimentally observed and simulated trapped-
atom numbers. The atom flux impinging into the cell is
given by FExp = (A/4)nV v¯, where A is the surface area of
the cell that is exposed to impinging thermal atoms, nV
is the vapor volume density, and v¯ =
√
8kbT/(piM) with
cell temperature T = 293 K and atom mass M = 85 amu
is the average thermal speed. It is invalid to set nV equal
to the room-temperature equilibrium density of Rb, be-
cause the MOT cell is not saturated with Rb vapor. For
a good comparison it is essential to perform an in-situ
reference absorption measurement, from which nV is in-
ferred.
For the necessary calibration of nV , we have performed
a reference absorption measurement with a Gaussian-
profile test beam diameter < 1 mm, central intensity
11 mW/cm2, tuned to the MOT transition) propagat-
ing through a 40-cm-long segment of the MOT cham-
ber, with the MOT magnetic field off. The observed
absorption in the vapor cell was 3.6 ± 0.2%. We then
apply a numerical absorption model in which we assume
a thermal Rb vapor with a Maxwell velocity distribu-
tion for 293 K and an unknown volume density nV . In
the model, the Gaussian beam is segmented into annular
rings with given intensities, radii and radial step sizes.
The velocity-averaged absorption coefficient, which de-
pends on intensity due to saturation of the transition,
is calculated for each ring. The beam power transmit-
ted through the 40-cm long sample is then found by
integration over the annular rings. The nV -value in
the calculation is then calibrated to yield the experi-
mentally observed 3.6 ± 0.2% power loss; the result is
nV = 6.3 × 1013 m−3. With the average thermal speed
of v¯ = 270 m/s, the impingement flux density then fol-
lows to be v¯nV /4 = 4.3 × 1015 m−2s−1. Multiplication
of this value with the cross-sectional area A of all aper-
tures leading into the BLOB (eight 4-mm-diameter holes
in our experiment) then yields an experimental impinge-
ment flux FExp = Av¯nV /4 = 4.3× 1011 s−1.
In the simulation, the impingement flux into the MOT
cell is assumed to be FSim = 5×107 s−1. Therefore, if the
simulation shows a trapped-atom number NMOT,Sim, the
number of trapped atoms expected for our experiment is
NMOT,Exp = NMOT,Sim
FExp
FSim
= 8600NMOT,Sim
We have run the simulation for a best estimate of our
experimental conditions (d = 7.5 mm, beam FWHM
of 6 mm, MOT decay time of 1.3 s, strong field gradi-
ent 15 G/cm). Good performance is seen in the simu-
lation for detuning -15 MHz and I = 2Isat, where the
steady-state atom number is 131. The theoretically pre-
dicted value for the trapped atom number then becomes
NMOT,Sim = 1.1 × 106. This number can be compared
with the number of MOT atoms we have experimentally
observed under good conditions, NMOT,Exp = 4.2× 105.
VI. DISCUSSION
The picture that emerges from the combined results
of the survey study is that extreme ball-lens MOTs, i.e.
MOTs with d . 8 mm and beam NA values NA & 0.3,
only capture atoms that are pointing towards an “active”
trapping center that is about 4 mm across (gray region in
Fig. 4a). Atoms traversing through an outer belt of radi-
ation pressure, ranging in diameter from about 4 mm to
the outer reaches of the trapping beams, become blown
out on their approach towards the MOT center (trajec-
tory 3 in Fig. 4a). The d = 7 mm ball-lens MOT therefore
only captures atoms with velocities between 20 m/s and
30 m/s and collision parameters less than about 2 mm. It
is particularly noteworthy that atoms slower than about
15 m/s and with collision parameters less than about
2 mm do not become trapped (trajectory 2 in Fig. 4a).
For an atom to become trapped it has to be fast enough
that its inertia carries it through the outer belt of “bad”
radiation pressure, slow enough that it becomes trapped
within the inner region of “good” radiation pressure, and
the trajectory of the incident atom also has to point at
the center of the MOT to within about 2 mm tolerance.
In Fig. 4a only trajectory 1 meets all criteria.
The agreement between experimental and simulated
trapped-atom numbers is within about a factor of three.
7Considering unknowns such as local versus average ther-
mal atom density, the effect of shadowing of half of the
4-mm holes in the BLOB, beam aberrations, differences
between the assumed J = 0 → J ′ = 1 MOT transition
and the actual 85Rb J = 3→ J ′ = 4 transition, etc., this
level of agreement is satisfactory and makes us confident
that we have captured the essential physical principles of
the ball lens MOT.
VII. CONCLUSION
We have implemented a magneto-optical trap within
a small metallic cube using 1.5-mm diameter ball
lenses, and we have developed a kinetic atom-trapping
model for the ball-lens MOT. Simulated results are in
good agreement with our experimental observations and
parametrize the range over which this MOT should work
well.
While this first design of the BLOB was successful in
forming a MOT, there are several changes that we will
implement for subsequent versions. The simulations in-
dicate that our ball lens distance d from the trap center
was near the lower edge of viability. In view of Fig. 4, for
future applications d-values in the range of 2 cm appear
very attractive, because they correspond to convenient
BLOB box dimensions of about 4 cm side length. Atom
numbers in such a ball-lens MOT should be about 50%
of the atom number in a similar-sized regular MOT with
collimated beams.
We would be remiss if we did not mention the disad-
vantages of this MOT design. Unlike standard designs,
it is difficult to counter-align the beams that lie along
the same axis, making the initial alignment more diffi-
cult. Due to the dependence of the central intensity in
the MOT region on the incident angle on the ball lens,
the setup has a higher sensitivity to relative beam pow-
ers than a standard MOT. Nevertheless, once our first
ball-lens MOT was observed, the design provided a siz-
able range of stability over both the relative beam powers
and angles of incidence for each ball lens.
Now that the viability of a ball lens MOT has been
demonstrated, the design may be applied in experiments.
The compact BLOB box provides well-defined electro-
static boundary conditions and provides a platform to in-
stall additional electrodes. This feature makes the BLOB
design attractive for research on cold plasmas generated
from trapped-atom clouds, where uncontrolled DC elec-
tric fields can be a problem. The BLOB also provides an
effective shield against radio-frequency, thermal and op-
tical radiation entering the box, because the solid angle
subtended by the ball lenses from the center of the box
can be made less than one-thousands of 4pi and the hole
sizes for the ball lenses are only about 1 mm in diameter.
This aids in controlling AC shifts, which are a limiting ef-
fect in optical-lattice optical clocks and have to be consid-
ered in high-precision spectroscopy work with Rydberg
atoms [10, 26]. Further, recent work has been done else-
where on compact ion traps and trapped-ion laser cool-
ing [27–29]. The advantages of the ball-lens MOT would
coincide well with some requirements of these types of
experiments.
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